The decomposition of equimolar NaCl -KCl mixed crystals was studied at different temperatures with calorimetric and capacitance measurements. Comparison with other studies indicates that the decomposition proceeds in three steps. The main heat emission and change of the dielectric constant take place during the second step. The activation energies of the steps are nearly equal.
mol % NaCl. At 300° KCl will dissolve about 10% NaCl, while NaCl will dissolve only about two per cent of KCl.
The decomposition of the mixed crystals observed in the region of incomplete mutual solubility has been the subject of several studies. EITEL 3 and SCHEIL, and STADELMAIER 4 used optical methods to measure the decrease of light transmission in the mixed crystals during their ageing at a constant temperature. HYVÖNEN 5 used a direct calorimetric method to measure the rate of heat evolution from the mixed crystals during their ageing at close to room temperature. TICHELAAR 6 studied the development of birefringence on the surface of a mixed crystal specimen during its decomposition. His results on the speed of the process extend from 150 °C to 441 °C. NURMIA 7 used an automatic capacitance recorder to study the decomposition in the temperature range of 110°Cto 150 °C.
The object of the present study was to correlate the often conflicting results obtained with the various methods and to obtain a general picture of the decomposition process over a wide temperature range. OSTWALD 8 KCl mixed crystal was 40% less than that of a mechanical mixture. As the mixed crystal was aged at room temperature, its heat of solution was found to approach that of the mechanical mixture.
Calorimetric Measurements
N. and W. BEKETOFF 9 repeated these experiments and found that an equimolar NaCl-KCl mixed crystal aged at room temperature for eight months still had a heat of solution 15% less than that of the mechanical mixture.
Because the heat of formation is of the same order of magnitude as the heats of solution of the components (17.5 and 4.2 kj/mol for KCl and NaCl 6 ), a simple calorimeter consisting of a vacuum-jacket glass vessel, a stirrer, and a Beckman thermometer was sufficient for this study. At room temperature NaCl-KCl mixed crystals decompose under the influence of moisture within a few minutes; therefore accuracy had to be sacrificed for speed and simplicity. All the measurements were performed with samples of equimolar composition.
The specimens were prepared by melting together weighed amounts of the components, pouring the melt on a cooled copper plate, and crushing the still hot mass before it was placed in oven for the ageing. At intervals, samples were removed from the oven and cooled on the copper plate. A mass of 10.200 grams of the specimen was then weighed and immediately dissolved in 500 cm 3 of water at 24° in the calorimeter.
Results of the calorimeter measurements are shown in Fig. 1 and Table 1 . The heat of solution is found to increase with time and approach a constant value, which still differs by 0.93 kj/mol from the heat of solution of the mechanical mixture. Thus the whole heat of formation does not leave the crystal in the decomposition process studied. 
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Specimen 3 (aged several days at 150°) 10.22 kJ/mol Equimolar NaCl-KCl mixture (mean) 11.15 kJ/mol Heat of formation of unaged mixed crystal (11.15-6.59) 4.56 kJ/mol Table 1 . Calorimetric studies of the decomposition of equimolar NaCl-KCl mixed crystals.
From the observed heat of solution of an unaged mixed crystal (mean value 6.59 kj/mol) and that of a mechanical mixture of the components (mean of three measurements 11.15 kj/mol), a value of 4.56 kj/mol is obtained for the heat of formation of the mixed crystal. It agrees exactly with the value found by TICHELAAR 6 at 25 °C.
Capacitance Measurements
The changes in the dielectric constant of the mixed crystals during their decomposition were studied with the apparatus described by NURMIA 7 . The equimolar NaCl-KCl melt was poured directly into the 3 mm wide space between the concentric electrodes of the measuring condenser. After the melt had solidified, the condenser was maintained at constant temperature while a continuous record of its capacitance was obtained by means of a servo system coupled to an electronic recorder.
The recorder had a linear capacitance scale, but for analysis the data were plotted on a semilogarithmic coordinate system as shown in It is observed that the latter part of the capacitance curve follows an exponential decay law characteristic to simple relaxation processes. However, the beginning of the curve deviates from this law so that the deviation again decays exponentially. Thus, the change of the capacitance of the specimen with time can be presented by a law of the form C = C2 e~X lt , where and are two decay constants as shown in Fig. 2. A number of measurements were performed at temperatures from 110 °C to 200 °C; the results are given in Table 2 .
Both ij and X2 are seen to decrease regularly with increasing temperature so that their ratio remains approximately constant. The ratio CjC2, which determines the initial deviation from the simple exponential law, varied in different measurements from about 0.5, as in Fig. 2, to of the specimen prior to the start of the measurement.
After the processes described above had subsided, a further slow decrease of the capacitance of the measuring system was observed at temperatures above 170 °C. The decay constant of this process was of the order of 0.02 h _1 at 200 °C. Table 2 also contains values for the decay constants derived from the calorimetric measurements described in the previous section. A comparison indicates that the results of the two methods are in good agreement with each other. Thus it is possible to use the capacitance method, which is non-destructive and produces a continuous record, instead of the calorimetric method in the study of the decomposition process.
Measurements of Hyvönen
HYVÖNEN 5 measured the rate of heat evolution during the ageing of equimolar NaCl-KCl mixed crystals at several temperatures between 25 °C and 50 °C. He postulated the presence of two distinct ageing processes: a fast exponentially decaying effect and a slower, slowly increasing effect. The former had a decay constant of S-lO^h" 1 to 85*10~3 h -1 at temperatures from 25 °C to 45 °C, and an energy of activation of 1.1 eV. In addition, violent thermal effects of a much shorter time scale are seen in most of HYVÖNEN'S measurements.
However, one of his slowly cooled mixed crystals (No. 4 in Table 7 ) exihibited an almost steady rate of heat emission at 35 °C and above after the effects caused by the temperature changes had subsided. This steady emission of heat is now interpreted as the actual decomposition of the mixed crystal, and an estimate of the decay constant of the process is derived in the following way.
We assume that the decrease of the heat of formation, Q, of the mixed crystal follows a simple exponential law: d<?/d* = -XQ.
HYVÖNEN did not detect any decomposition in X-ray powder diffraction photographs taken after the calorimetric measurements. Thus the heat of formation cannot have decreased much from its initial value and 2 dQ/dt ^ Co Using for Q0 the value 1000 cal/mol (4.17 kj/mol) the results given in Table 3 Table 7 .
The above results are based on the assumption that the decomposition obeys a simple exponential law, i. e. that C2 (see section 2). Any deviation from this would result in too small values of the decay constant. On the other hand, residual thermal effects of different origin would tend to increase the observed rates of heat emission and yield too large values of the decay constant. TICHELAAR 6 studied the decomposition of equimolar NaCl-KCl mixed crystals with a polarization microscope by determining the time required for the surface of a mixed crystal to become completely birefringent. In order to compare this results with the present measurements, the decay constant was found from the equation 2 = 600/ih + t2), where the t's are the two values of time, in minutes, given by TICHELAAR for each temperature. The numerical normalizing factor was chosen so that TICHELAAR'S results agree with the present ones in the temperature range of 150 °C to 200 °C.
Measurements of Tichelaar
The values found for the decay constant are given in Table 4 . 
Details of the Decomposition Process
The above results can be explained by assuming that the process from a homogeneous mixed crystal to a completely decomposed state with zero heat of formation takes place in three steps:
It is suggested that the step A -> B is nucleation, step B -C the decomposition of the mixed crystal into a mosaic of submicroscopic crystallites of nearly pure NaCl and KCl, and step C -> D the growth of the crystallite size.
If the phases A and B have the same dielectric constant and the same heat of formation, the capacitance and calorimetric measurements pertain almost entirely to the step B -> C because the next step is much slower. If the initial concentration of phase A is A0 and no other phases are present initially, we have which is of the same form as the law observed experimentally. Thus CJC2 section 2), and the initial rate of change of [A + B] is zero. This situation is nearly attained in one of the calorimetric measurements and some of the capacitance measurements (see Figs. 1 and 2) , and also in some of HYVÖNEN'S specimens, which had a very small rate of long-term heat evolution. However, most mixed crystals seem to contain considerable amounts of nuclei already in the early phases of a measurement, so that their rate of capacitance change or heat evolution does not differ markedly from that predicted by the simple exponential law.
There is satisfactory evidence 5 ' 6 Table 5 . Activation energies of the various steps in the decomposition of NaCl-KCl mixed crystals.
Of these values, only those of TICHELAAR 6 have been corrected for the change in the energetics of the process with temperature. The constancy of the activation energy indicates that all these processes are based on the same diffusion mechanism. 
